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SUMMARY 

An investigation was conducted to determine, far one representative 
hull form, the effect on some of the aerodynamic characterfstice of 
systematk verfatia Sn the shape end disposition of the chines at end 
neer the bar and in the depth of the step. The parent hull was of con- 
ventional design (lengt&beam ratlo equal to 6.7) and had a depth of 
step equal to 8 percent of the 

% 
am. The investigation was conducted 

at a Reynolds number of 6.4 x 10 based on the model hull length and all 
the tests were made with the hull attached to a wing which completely 
spanned the tunnel. 

An analysis of the resulta obtaMed at an angle of trim which corre- 
sponded to the assumed high-speed attitude of the hulls ( T = -0.2°) 
showed that the drag coefficient based on hull frontal erea of the 
'(parent" hull was O.OpO. Although the veriatians in the lines of the bow 
in general had only a small effect on the drag coefficient of the hull, a 
reduction in drag equal to 9 percent of the drag of the parent hull could 
be obtained by using a Blender bow (proffle view) incorporating a chine 
faired to conform more closely to the dlrection of the air flow at the 
bow. The dreg coefficient for the hull tith deep steps, 12 to 16 percent 
of the beam, was the same ae that for the parent hull. The dragcoef- 
fic.ient for the hull with a step depth equal to 4 percent of the beam 
was 20 nercent less than that for the parent hull; and complete elimi- 
nation of this step, except for the chine flare, produced no further 
reduction in the drag. A com?romlse arrangement consisting of an aux- 
iliary longitudinal step and a ehallow transverse step (4 percent of the 
beam) produced a hull which had 14 percent less dreg than that of the 
parent hull and wae believed to be hydrodynamically practical. Rounding 
a part of the forebody or efterbcdy chinels of the p&rent hull, either 
separately or together, produced the 8ame (18 percent) decrease ti the 
drag coefficient. The elmnation of the sharp chines, the step, end 
the small discontinuity caused by the forebody chine flme reduced the 
drag coefficient of the paren t hull by about 30 percent. Cne-third of 
this total reduction in drag is attributable to the elimination of the 
sharp chines whereas the remaining two-thirds is due to the elimination 
of the step. 
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The aerodyna&c drag of hulls is an exceedingly important factor 
in the design of fly3ng boats because of its fnfluence on the param- 
eters which determine the range and pay load and also because this drag 
has an important effect upon the rnsximutn speed. For this reason, 
investigations of large scope have been conducted by the NatLonal 
Advisory Committee for Aeronautics to determine the drag reductions 
that can be obtained by the aerodynamic refinement of flyin@oat 
hulls. Some of.these investigations previously reported included tests 
of conventional hulls of length-beam ratios from 6 to 15 (reference l), 
tests of planing-tail hulls developed by the NACA (reference 2), and 
tests to determine the effect of aerodynamic refinemqt on the drag 
characteristics of a conventional hull having a length-beam ratio of 9 
(reference 3). 

The Fesent series of tests, conducted on a conventional hull of 
length-beam ratio of 6.7, were made to determine the effect on aercdy- 
na.mIc drag of systematic variations in the shape and disposition of the 
chines at snd near the bow, in the depth of step, and in the chines 
rounded on both the forebody and afterbody hydrodynamic surfaces. The 
variations were made in such a manner that the results would indicate 
the importance of the drag of the-bow, the step, and the sharp chines 
in relation to the over-all hull drag. 

The "parent" form of the series was a hull modeled sfter that of 
a large, modern flying boat. The investigation was conducted ti the 
Langley two-dImenslona.l low-turbulence tunnel which is described in 
reference 4. AM. tests were made at a Reynolds number of 6.4 x 106 
based on the hull length. Although some of the hull configurations 
irrvestfgated were impractical. designs tican hydrodynamic considerations, 
the tests were made to determtne if the reductkm in drag would be 
sufficiently largs to warrant, for example, the incorpmation of some 
auxLliary device such as a retractable step or retractable chines to 
produce a bydrodynsmically practical hull. 

SYMBOLS 

CL 

%l 

CD 

lift coefficient L 
( > qs 



NACA TN No. 1576 
- 

-. 3 

frontal--area drag coefficient for hull includ5ng 

interference effect of mounting WFng =c - =w 
( > QSF 

a angle of attack measured between wing chord a& afr 

I- 

C 

Q 

S 

e!? 

R 

P 

P 

L 

M 

D 

Subscripts: 

C 

W 

strean, desees 

angle of trim of hull reassured between hull base and 
air stream, degrees 

wing chord, feet 

dyna3nic pressure, pounda per square foot 

wing area,square feet 

hull frontal area, square feet 

Reynolas number based on model hull length 

mass density of air, slugs per cubic foot 

air velocity, feet per second 

lift, pounds. 

pitching moment, foot-pounds 

*W, Pounds 

w-hull combination 

wing alone 

The model had a normal depth of step equal to 8 percent of the beam 
and the len,@hbesm ratio was 6.7. A three-view drawing of this basic 
model snd a table giving model dimensions are shown in figure 1. 

In order that changes in the model configurations could be easily 
made, the hull was assembled in 3 sections: the upper hull, the forebody 
hydrodmc surfaces, and the afterbody hydrodynamic surfaces which also 
included the tail extension (fig. 1)'. 
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The offsets for the upper hull are given in table I. The dimensions 
of the canopy and a sketch illustrating the various hull dimensions are 
given at the end of the table. 

Although the tests of the various forebcdies were made primarily to 
detect the effect of changes in the chine lines near the bow, the keel 
shape was also mcdified in order that the series of bow shapes would be 
related snd would represent practical hydrodynamic designs. The bow 
shapes investigated are shown in figure 2 and the offsets sre presented 
in table II. The cross-sectional views at station 5.13 (fig. 2) are 
typical of the croBs sections from the forward perpendicular to 
station 12.75. Each of the b-ow shapes had-the same qver-allplanform 
and was identical in cross section from station 12.75 to the step. 

In order to maintain the 8s~~ frontal area of the hull for all 
model configurations, the depth of step was varied by displacing the 
afterbody planing bottom vertically. The offsets for the various 
afterbodies thereby ~oduced are presented in table III. !Iho of these 
afterbodies, the one used for the tests with 0 percent depth of step 
and the one used for tests with 16 percent (of the beam) depth of-step, 
are shown in figure 3. This figure also shows that this method of 
varying the depth of step necessitated the refairing of the Bidee of 
the hull (see crose-sectional views at stations 33.75 end 41.25) and a 
part of the tail extension; but since the vertical BideB sre simply 
straight tangential lines connecting the chine aad the upper hull, all 
afterbodies had cwrparable andrelated fairings. Soane additional tests 
were made with an auxiliary longitudinal st5)p attached to the forebcdy 
planing bottom, as shown in figure 4. 

The offsets for the psrent hull (model with 8 percent depth of step) 
with the forebody snd afterbody chines rounded near the bow snd sternpost, 
respectively, are presented in table IV an&photographs of these chines 
are shown in figures 5(a) and 5(b). The offsets for the mdelwith 
chines rounded over the entire forebody snd sf'terbody hydrodynamic 
surfaces are-presented in table V and photographB.of this configuration 
(model with 0 percent of the beam depth of step) are presented in 
figures 5(c) and 5(d). The offsets for the afterbody (table V) also 
include ordinates for an afterbody fairing strip immediately aft of the 
step. This fillet is necessary to fair out the small step-like discon- 
tinuity in the chines that is caused by the added flare of the forebody 
planing bottom. 

The wing was set>at an incidence of 4.3’ to the hull base line, 
had a chord of 14.08 inches,and was of the NACA 63,M20 airfoil section 
(ordinates for airfoil given in table VI). !Che wing completely spanned 
the tunnel test section except for O.O+inch gaps which were necessary 
to avoid fouling between the model and the tunnel walls. 
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A convenient method of designating the vsrious model configurations 
was devised in order to simplify the* identification throughout the 
rest of the paper. Since the parent hull model was derived Fram the 
offsets of Lengley tank model 164, the same series number was retained 
as the first past of the designation for the present series of hulls. 
In the remsLnWg part of the desimtion, the letters F and A 
followed by numbers desimte the partdcular forebody and afterbody 
which was used to form the complete hull. Ths following table gives 
the basic model configurations which were investigated: 

. 

&de1 or hull 
designation 

I 

I 1 
164--Fl-A8 

a1611-F%A8 
164-F3-A8 
X&-FLAB 
16&-F&A0 
164-FSA4 
164-~2-a2 
16LF~Al6 

Fl 
F2 

I 
2 
F2 
F2 
32 
F2 

aPsrent hull. 

Any modifications of the basic configurations sre described with a 
statement; for example, "model 164-F%A8 with chines rounded near the 
bow" or "model 16&F%A4 with an auxiliary longitudinal step." 

pROCEDUREAHDTJ.E3TS 

Since bow doors, turrets, and surface roughness would litit the 
extent of lanlnar flow over the wing and hull of a full-scale flying 
boat, transition strips of O.Ol-inch carborundum grains were shellacked 
to the model to simulate the effect of such discontinuities in wing and 
hull conto*urs. The transition strip on the hull (fig. 1) was located at 
a point 5 percent of the hull length aft of the bow of the hull and it 
was 0.50 inch in width. The transition strip on the wing, also shown 
in figure 1, covered the leading edge and the first 8 percent of both 
surfaces. 

Lift, drsg, and pitch inemom,- nt meamrements were made on a 
thre+-component balance for the wing alone a& far each of the wiw 
hull configurations. All the lift snd the drag coefficients obtained 
from these tunnel tests were based on the model wing area of 
3.52 square feet. The pitchinemoment coefficients were-based on the 
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wihg chord of 1.173 feet. The drag coefficients of-a given hulLplus 
the wing-hull interference effects (hereinafter referred to simply as 
the drag of the hull) were obtained by subtracting, at any given angle 
of attack, the drag of the wing alone from the drag of the wing-hull 
combination. The drag coefficient for the hull was then converted 
from a coefficient based on the wing area to a coefficient based on 
the frontal area of 0.444 square foot. 

The investigation was conducted in the Langley twc+dimension& lox+ 
turbulence tunnel at a Reynolds number of-6.4 x 106 (based on the model 
hull length of 5.015 ft) which corresponded to a dynamic pressure of 
53 pounds per square foot. Inasmuch as the corresponding Mach number 
of 0.19 was relatively low, no corrections for the effects of co- 
pressibility were applied to the data. All the aerodynamic chsracter- 
istics were obtained over a range of hull trim angle from -100 to loo, 
a considerably greater range of trim than is usually encountered by a 
full-scale flying boat. 

TUNNEL CCRRECTIORS AND ACXXRACY OF DATA 

The correctiona for t,he wind-tunnel wall effects were made by the 
following equations: 

q f 1.141q' 

a = 1.005a' 

CL = O.ggcL 

CD = 0.995OD' 

CM = O-995$ 

The constants whjch are Used were obtained by the method described in 
reference 4 and the primed symbols represent the value8 measured in the 
tunnel. 

The probable error in Individual test point.8 as determined from 
check tests, consideration of the sensitivity of the masurfng instruments, 
and. departure of points from the faired curves is estimated to be withIn 
the following limits: 

Over the straight part of the lfft curve: 

CL .. ; ........................... fO.cc2 
C@ ............................. .*o,oo1’i 

CM .............................. +(-,.001 

a,deg ............................. io.09 
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Near maximum lift coefficient:. 

CL ............................. kO.008 
C+ ..................... . ....... ko.0048 

CM ............................. *0.003 
a.deg ............................ +-0.05 

RESUIZS AND DISCUSSIOlP 

The aerodynamic characteristics for the wing alone and for the wing 
with hull 1644248 (parent hull) are presented in figure 6 to show the 
changes in the lift, drag, and pitching+m~~nt coefficients due to the 
presence of the hull. Similar lift,drag, and pitching-llloment curves for 
the other configurations are not presented because no new effects are 
shown. The figure shows that the presence of the hull decreased the 
lift coefficients over the range of low to laoderate angle of attack 
(a = 0' to a = 8') but increased the lift-curve slope and lift coef- 
ficients at angles of attack above 8.3O. This increase in lift and lLft- 
curve slope at hfgh sngles of attack combined with the increase in the 
maximum lift coefficient obtained with the model of the wing-hull combI- 
nation indicates in general that the presence of the hull had a favorable 
effect on the lift. 

The sddltion of the hull to the wing causes the increment in drag 
coefficient to decrease as the angle of attack is increased In the positive 
dlrection. An examfnation of the tuft-survey sketches in ffgure 7 shows 
that the air flow over the wing-hull combination improves steadily as the 
attitude of the model is increased from low negative to high positive 
angles of attack. The higher lift-curve slope, the greater maximum lift 
coefficient, the smaller Incremen"%l r:se in drag coefficient, and the 
smoother flow of air over the hull indicate that the wing-hull inter- 
ference effects are favorable at theee high angles of attack end that 
the hull has some lift. These favorable interference effects are shown 
by the occurrence in fLgure 8 of extremely low hull drag coefficients 
at relatively high hull trim angles. These favorable effects are obtained 
only for this one parttcul,ar angle of incidence between the wing and hull, 
and sitilar results should not be expected if the angle of incidence is 
changed or if the wI.ng Is located at a different position on the hull. 

An examination of the pitching+soment curves (fig. 6) shows that 
the addition of the hull to the wing increased the value of the negative 
pitchlngement coeffLclents at low to moderate lift coefficients but 
has little or no effect upon the pitchIng+mnent coefficients at high 
values of the lift coefficient; thus, the addition of the hull apparently 
causes the pitchtng-moment curve to assume a positive or adverse slope. 
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Effect of bow shape on drag.- The effect of bow shape on the drag 
characteristics is presented. in figure 9. An analysis of the results 
shows that at an angle of trim of -0.2O (the assumedtrim angle of the 
hulls in high-speed level flight), hull l&t-Fl-A8 had the lowest drag 
coefficients of any of these hulls. Bull 164-Fl-A8 had a slender bow 
incorporating a chine fafred to conform more closely to the direction 
of the air flow at the bow. The reduction In drag coefficient obtained 
by use of this bow shape amounted to about 9 percent of the drag of 
hull l&F&A8 at th5s ssme tr5m angle. The drag coefficients of bow 
shgpes F3 and Fk (hull l&F+A8 and hull164-F4--A8,respectlvely) 
were approxjmately the ssme as the drag coefficient of O.OgO (at T = -0.2O) 

. which was obtained with hull 16&-FSA8. An exsminatfon of the curves 
at a tr5mangle of 1.7O (the assumed trti angle of the hulls for cruising 
speed in a level flight condition) shows that the drag coeff$cients 
obtained with sll four of the bow shapes were about the asme. Although 
variations in the lines of the chine have only a small effect on the 
overc-&ll drag coefficient of a hull, some reduction in drag at the high- 
speed attitude can be realized by use of a chine of the type designated 
a6 )tbow &ape Fl" in figure 2, 

- 

The effect of depth of step on drag%- An examination of the data 
(f fgs. 10 and 11) obtained with hulls 164-FSAO, l&FSA4, 16~ES-A8, 
16LFSA12, and 164-F2~Al6 shows that throughout the assumed r 
trjm for high-speed and cruising flight conditions, -C.2O to 1.7 T ,Ote 
peatest variations in the drag coefficknts were obtained by de&easing 
the depth of etep from 8 to 4 percent of the beam. Contrary to 
general belief, these results show that the drag coeffTc1en-k within 
the flight range of trim do not vary proportionally with change8 in the 
death of step of the hull. The decrease in drag coeffScient which was 
realized with hull 164-~%A4 or hull X&-F&A0 over-that for hull 164-FSA8 
amounted to approximately 20 percent at the high-speed trim angle of -0.2' 
and to about 13 percent at the cruisiag~psed trim angle of 1.70. 

Although the lowest drag coefficients were usually obtained with 
hull.8 164-F&A4 and 164-FSAO, they could not be used on an actual flying 
boat because normal ventilation of the step could not be obtained; and 
as a result the hulls would have excessive water resistance and very 
poor hydzodynamTc stability chsracterlstics. Results of hydrodynamk 
tests of several shallow step huJ.ls (see p. 18 of reference 3) have 
shown, however, that satisfactory hydroaynemlc stability characteristics 
could be obtained from such hulls praPided that they were fitted with 
an auxjl-iary longitudfnsl steR attached to the forebody dmmediately 
forward of the step. For this reason, the aerodyns&c effects of 
adding en auxjliary longitudinal step to hull 164-FSA4 were determined. 
These results are given In flgurs.12 and show that the auxiliary longl- 
tudinal step-increased the drag of this hull by approxjmately 7 Jercent 
at both the high-speed trjm angle of -0.2' and. the cruislwspeed trim 
angle of 1.70. The drag coeffjcients of this modified hull-were, however, 
still appreciably lower (about 14 percent at t a -C&2' and 6 percent at 
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T= 1.70) than those coefficients obtained with hull 164424. Thus, 
the foregoing results indicate that a compromise arrangement consisting 
of an auxiliary longitudinal step and a shallow transverse step (4 percent 
of the beam) would provide the designer with en arrangement which would 
allow an appreciable reduction in aerodynannc drag without the hydrody- 
namic disadvantage of the shallow step. 

The effect of rounded chines on the drag.- The results obtaFned 

from tests of hull l&F&A8 with the chines rounded nesr the bow and 
sternpost are presented in figure 13. An examination of the results 
shows that rounding only the forward part of the forebody chines 
(fig. 5(a)) reduced the drag coefficient of the parent hull by about 
18 percent at a trim angle 
a trim angle of 1.7'. 

of -0.2' and by approtimately 12 percent at 
The figure shows alsothatr&ndingthe chines 

in the vicinity of the sternpost (fig. 5(b)) produced approxinaately the 
same reduction in the drag coefficient. Combiting both of these mcdi- 
f&cations, however, ga ve no further decreases in drag within the experi- 
mental accuracy of the data. A comparison of these results with the 
data obtained for hulls 16&FY%A4 and U%F%AO (fig. 10) shows that 
withln the flight range of trim,rounding an appropriate pert of the 
chines produced essentially the same reduction In drag coefficient that 
could be obtained by completely eliminating the step of a sharp chine 
hull. From these results it seems possible that a favorable aerodynamic- 
hydrodynamic compromise mQht be made, therefore, by rounding only the 
forward part of the forebody chines. Some form of a sharp, light- 
weight, retractable chine would, however, have to be incorporated into 
a hull of this shape to control the spray at low speeds when the hull 
acts as a dlsclacement craft. 

In order to determine the reduction in drag coefficients which 
could be obtained by completely elimlnatlng the sharp chines, the step, 
and the chine flare of the forebcdy planing bottom, a series of tests 
were conducted on hull 16@l?%AO shown in figures 5(c) and 5(d). The 
results obtained sre presented in figure 14 together with the drag 

, 

curve for the parent hull with sharp chines and for the hull with 0 percent, 
depth of step and the sharp chines. The figure shows that the elimi- 
nation of all sharp dfscontinuities decreased the drag coefficients of 
hull 164-F&A0 throughout the entire range of trim which was investigated. 
A comparison of the drag coefficients obtained with hull 16&-F&A0 
when all sharp discontinuities were removed with those drag coefficients 
obtained for the parent hull 164-F&A8 shows that hull 16&F%AO produced 
drag coeffIcienta which were about 30 percent lower at a trim angle of 
-0.20 end approximately 26 percent lower at a trim angle of 1.70. An 
analysis of the results shows that at a trim angle T = -0.20, approxd- 
mately one-third of the 30-percent reduct?on in drag is attr3butable to 
the elimination of the sharp chines end that the remaining twc+thlrds is 
attributable (see effects of changes in the depth of step on drag) to 
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ellmlnation of the step. At a trim sngle 7 = 1.70, on~+half of the 
!&-percent reduction in drag is attributable to elimination of the 
chines atld the remaining part. is a result of el.Lminating the step. 
These test results serve to evaluate the gains that can be obtained 
with an idealized configuration which is very poor hydrodynamically. 
Any attempt to realize these drag gains on a practical flying boat 
would require the use of relatively complicated devkes, such as re- 
tractable chines, retractable steps, and perhaps forced step ventilation 
to achieve good hydrodynamic characteristics. 

Comparisons with other hulls and a b&y of revolution.- A comparison 
of the drag coefficients of several of the 164-series hulls with results 
obtained from tests of other hull forms end from tests of a streamline 
body of revolution (fineness ratio 5) are presented in figure 15. All 
the curves shown in this figure were obtained from tests with transition 
fixed near the bow of the models end all the coefficients include the 
interference effects of the mounting wing. The figure is intended to 
show the difference between the present. hulls and the other hull forms 
and to bring out more clearly the reductions in drag coefficient which 
can be obtained by pertly or completely eliminating the sharp chines and 
the transverse main step of a normal hull. It should be noted, however, 
that strict quantitative compsrlsons of the values obtained for the 
present hulls with those obtained for the other hull forms cannot be 
made because of the large differences in the Reynolds numbers and.the 
great variation in the interference effects (see p. 9 of reference 6) 
which arise from the use of supporting wings of different chords, plan 
forms, and airfoil sections. An examination of the results obtained for 
the perent htLLl 16b-FZW~8 end hull 213 (reference 1) shows that the drw 
of the parent hull was approximately 5 percent lower at 7 = -0.2O than ._ 
the drag of hull 213, a sim9arly shaped hull of about the same lengtk 
beam ratio. Since the drag coefficient of the parent hull Is lower for 
a lower value of the Reynolds number, the differences in the drag coef- 
ficients msy be attributable to some slight differences in the initdal 

'degrees of aerodylsam'lc cleanliness of the hulls and to the Fact that 
the interference affects of the different supportingwings were pro2abl.y 
more favorable for the case of the parent hull 16LFsA8. A compsr'+son 
at the same angle of trim shows that the drag coefflclent .of hull 16)l,F%A8 
was about 13 percent higher than the drag coefficient for the sftilarly 
shaped Hughes-Ikiser hull (reference 7) previously tested in the same 
tUnne1. The greater part of this variation in drag is probably att.ri.bu+- 
able to differences in the Reynolds number and to the type of mounting 
wSng used; but some of this large difference in the drag is attributable 
to the fact that the Hughes-Kaiser hull, designed primarily for low drag, 
was a much cleaner hull from aerodynamic considerations. 
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These results presented in figure 15 show that the drag coefficient 
of 0.090 at 7 = O" for hull 164~~2~8 was about 77 percent greater (at the 
same trim angle) than the drag coefficient of 0.050 for the streamline body 
of revolution tested in reference 8. A compsrison at the same angle of 
trim shows, however, that rounding a part of the forebody chines near 
the bow reduced the drag coefficient of hull 16-248 to a value of 
0.073 which was only 46 percent higher than the drag coefficient obtained 
for the body of revolution. 

If more radical changes in hull design such as the use of full- 
length retractable chines and retractable steps ere acceptable, the 
drag of the hull of conventional shape can be reduced still further, as 
evidenced in figure 15, by the drag coefficient of 0.063 at T = O" 
obtained for hull 164~~~0 when all sharp discontinuities were removed. 
This drag coefficient for the faired hull is still about 25 percent 
higher than the drag coefficient of the body of revolution, but is 
approximately the lowest drag that can be obtained from this type of hull 
without completely rounding the bottom or altering the shape of the tail 
extension. Since the greater part of the drag coefficient (fig. 15) of 
the bow. of revolution is skin-friction drag, any further sizable re- 
ductions in the drag of flying+oat hulls can be obtained only by reducing 
the amount of hull surface area. 

STJMMARYOFIXESULTS 

An investigation, conducted at a Reynolds nmber of 6.4 x 106 based 
on hull length, was made to determine the effect on aerodynamic drag of 
systematic variations in the shape of a flying+oat hull. The parent 
hull was of conventional design (length-beam ratio equal to 6.7) and 
had a depth of step equal to 8 percent of the beam. An analysis of the 
results obtained at an angle of trim which corresponded to the assumed 
high-peed attitude of the hulls (T = -0.2O) showed that: 

1. The drag coefficient based on the hull frontal area of the 
parent hull was 0.030. 

2. Although the variations in the lines of the bow in general had 
only a small effect on the drag coefficient OP the hull, a reduction in 
drag equal to 9 percent of the drag of the perent hull could be obtained 
by using a slender bow (profile vi+) incorporating a chine faired to 
conform more closely to the direction of the air flow at the bow. 
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3. The drag coefficient for the hull with deep steps, 12 and 
16 percent of the beam, was the same ae that of the parent hull. The 
drag coefficient for the hull with a step depth equal to 4 percent of 
the beam was 20 percent less than that for the parent hull and complete 
elimination of the step, except for chine flare, produced no further 
reduction in drag. 

4. A compromise arrangement consisting of an auxiliary longitudinal 
step and a shallow transverse step (4 perc& of the beam.produced a 
hull which had 14 percent less drag than that of the parent hull and was 
believed to be hydrodynamically practical. 

5. Rounding a part of the forebody or afterbody chines of the parent W 
hull, either separately or together, produced the same (18 percent) 
decrease in the drag coefficient. 

6. The elfmination of aU the sharp chines, the step, and the small 
discontinuity caused by the forebody chine flase reduced the drag coef- 
ficient of the parent hull by about 30 percent. -third of this total 
reduction in drag Is attributable to the elimination of the sharp chfnes 
whereas the remdnin@: tvtz-thirds is due to the elimination of the step. 

Langley Memorial Aeronautical Laboratqry 
National Advisory Committee for Aeronautics 

Iangley Field, Va., November 18, 1947 
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TABLF: II 

OE'FSETSFORTREVARIOUSBOWSRAPF.S 

[All dimenalona are given in Inches] 

Bar shape Fl 

ChFne 
shove 
base 
line 
5.06 

Dietancc 
aft of 

station 
0 

0 
-3% 

1.25 

l/2 
max. 
beam 

But tot k 

I.25 0.50 I.75 1.25 

4.25 

, 

. .@ 
!42 
3 :22 

.20 

.15 
11 L 

095 

Bcm shape F2 

2% 
baae 
line 

.6 

. i: 
z4 

:37 

:2 
.21 
-17 

261 
-g 

lietaiice 
aft of 
tation 

0 
'-1. 
-. if+ 
-42 -. 

Buttock lines 3hlne 
above 
baee 
line 

Z:,1 7 
2% 
1:75 

1.12 
1.08 
1.02 

l 97 
22.x 

m 
UltXX. 
beam 

0.00 
.60 
-84 

"I-y3 

1.4 3 
1.76 

0 
-38 

~Forward perpendicular. 
bStep. 
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TABLS II.- Oon6ludsd 

OFFS33 FOR TBE VARIOUS BOW SKhPES - Conoludsd 

[All dlncumlons are given in inched 

Ea- 
abovc 
ibaas 
lfna 

Bow shape P3 

Buttock lines 

0.75 1.00 1.25 1.50 : 

i. *t 5 1.72 
1.43 1. 

a s 

3 
1.2 1. 7 
1.1 1.2 

1, 
1.0 1. 

t 

3.3 
1.0 1.11 

: 
I 

1.06 
2 1.00 

12 :I 

Buttoak Unos 

p.50 0.75 1.00 1.25 1.50 1.75 2.oc 
- 
i.00 

PPrtLnglias--L 

Chine - 

I I 
; I 

I i 
I 
1 i 
: ! 

All rombody ahapem have some 
yplm ram and all aroaa seotlonr 

I I art or atatlon 12.75 are fdentl0al 
I I I 

Oentsr 1l.m Buttock line 2.00 

Buttook line 1.00 
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OFFSETS FOR THE VARIOUS AFTERBODY BOTTOM SHAPES 

[All dhenslone are given 1” inohee] 

r l- Depth of ste] ? 
1.81 inoh I T- T 

1.08 lnohea Beam 
at 

ohine 

0.54 inoh 
(8 gel 
of bes 
A 

0.56 
.63 
274 

1.00 

5% 

!oent Ml 
B 

‘L* g B 
1:g6 
2.08 
2.18 
z-27 . 

B ::47 
2.50 

0 inoh 
(0 poroent 
of bea 

ns tanoc 
aft of 
station 

0 

I 

a 
rent 
!-- 

B 
2.06 
2.10 
2.23 

2.77 
2.79 
2.79 

1 (16 pr 
of ber 

mnt 
1 

B 
Yb% 

A 

“2 i! 
1.01 
1.4 
::tZi 
1. 3 2 
:*a06 . 
36' 
2.19 

t 

1.3'8 
k 2 

"a 
::;a 
2.04 
2.13 
[:a$ 
5 2 :; 
6. 
7a . 

a22.75 C 

Straight line O.-on chine 
and tangent to upper hull 

Base lirie 
Typical section 
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OFFSEl'SFORTHRPARRNT WLLlBITHTBEPD~DYBND~BRBODYROUNDEDN~TBgBOW~ST~POST 
[All dimemlons are given in lnchea] 

Loo1 or 
Above 

base 
line 

0 
038 

$22 5 

‘2: 
% 
*:s; 

Sb.Wp 

09 mters end ?o radll 

1 

out rrom Hadhze 
oenter Of 

line P??Q 

-::g 
1.00 
1.00 

:!# 
1.00 
1.00 

2," 
1. 3 

3 
::3; 
2.69 

;I1 

-19 
2*95 .09 

0 
chines are maintained 
rrom station ii.25 to 
station 22.75 

&k 
%orwaard perpendloular. 
b8tep. 

(Model with 8 :::::d:optb or step) 

tera and arc radii Distanoe 1 Looi of aen’ 
art of 

station 
0 

a22.75 

Above Out from 
base oenfer T" 
line line 8t?O 

Sharp chlnea are maintained 
from station 22.75 to 
station 26.25 

3tep. 
b stempost. 

3r22 
3.26 

g-2: 
3:21 

0 
.06 

-0enter line 

L Varfable 
radius 

(d-Center line 

Variable 



Matmoa _ 
artor , 

station 
0 

0 

%mti pcqmdic 
b step. 

Radltm 
AZ.- 
LOO 
:‘:i 
1:oo 

::i 
1.00 
1.00 

'1% 
Loo 
1.00 
1.00 
LOO 

I'% 
l:oo 
1.00 
1.00 

Artbrbody 
okdbi with 0 m0bnt dbpth or step) 

linb 

.tsl% 
llaiiz 

or 
2% 

i-E 
l:oo 
1.00 
1.00 
1.00 
1.00 

t:: 

I':: 

I'~~ 
l:oo 
1.00 
1.00 

:titook lima for ahim Ohfnc 
iairing on sitsrbody abow 

1.50 i.00 1.50 2.00 2.50 

This ralrhg is 
wossaary to fair 

out thb obhs flub 
0f tb rorbbaay r0r 

thl4mdelolxlnmmtlm 

lJ--iLL 

I 
, 
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TABLE VI 

ORDINATES FOR THE NACA 63,~.420 AIRFOIL 

[Stations and ordinates are.given in 
percent airfoil chord] 

Upper surface 

Station Ordinate 

0 0 
1 l 790 
2.196 
2.82 

2.082 3*95 z 

6' . 32 
3 88 l 03 

l 8 4 
ttz . ..g 0 
50.000 11.025 

Lower surface 

Station Ordinate 

0 
J83 

;-go 
2: 1 

1 
3 

5. 62 
7a 76 

9 10. 7 
k 15.44 

20.397 

0 
-1.590 
-1.916 
:":,1,98 
t :5';y$ 

-517 9 1 
-6. 32 

z -7. 0 
- .1(3 
-4 

z 
.007 

-6.613 
r5:$% 

- 0403 2 
-3.550 
-2.673 
-1.806 

::$E 
-133 

0 

L.E. radius: 3.16 
Slope of radius through L.E.: 0.168 

-v 

Chord line 

- 
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(a) Three-quarter front view of model 164-F2-A8 with chines rounded 
near the bow. 

(b) Three-quarter reaz view of model 164-F2-A8 with chines rounded 
near the sternpost. 

Figure 5.- Photographs of the hulls with rounded chines. 
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(c) Front view of model 164-F2-A0 with a,ll discontinuities removed. 

(d) Three-quarter view of model 164-F2-A0 with all discontinuities 
removed. 

Figure 5.- Concluded. 
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Steady ilw- Rough flow +R fntermittsatly 

NACA TN No. 1576 

-6O 

Air stream 

Y 

h. 

Air atream 
- - 

Y 
a=4.3", YmoO 

.- 

Figure 7.- Sketohss showing the charaater of the rir flm over tha hull and riag of 
model l64-F2-A8. 
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c 

c 

h 

Air stream 
Y 

a = 10.30, Y= 6" 

figure 7.- Continued. 



32 NACA TN No. 1576 

h 
- 

Air atream 

h 

Air stream 

Y 
loo 

FQW% 7.- Concltidsd. 
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Hull oonfL.guratlon 

0 Sharp chines and forebodg ohine flare 
a Ali aharlj dfscontlnuitiea removed 

I 
I\ I I I I I I I I I 

I 

* 
s .16 
9 t- 

\I\ \ 
%-I 
2 I 

-4 0 4 
Hull trim angle,T, deg 

Figure I.&- The effeot on the drag oharacteristios of eliminating 
all,the sharp disoontintities on hull 164-F240. R = 6.4 x 106. 
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hulle;Reynold8 mmberbasecl onhulllength. 2 


